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We present a cyclic process of Si growth followed by ultraviolet (UV) irradiation which 
suppresses Si nucleation on the SiOZ surface. We grew Si using low pressure chemical vapor 
deposition with a Si,HdH, gas system without chlorine at 700 and 650 “C. Incubation period is 
determined using Auger electron spectroscopy as the time for which there is less than 0.015 
coverage of Si on SiO,. We show that intermittent UV irradiation within ihe incubation period 
suppresses Si nucleation on the Si02 surface. We believe the growth/UV-irradiation cyclic 
process is useful for preparing a thick Si selective epitaxial growth layer. 
Si selective epitaxial growth (SEG) has been studied 
widely as a way to fabricate new device structures such as 
the selective epitaxial base transistor (SEBT) ,l the raised 
source/drain metal-oxide-semiconductor (MOS) ,2 and 
complementary MOS (CMOS) isolation.3 A practical Si 
SEG process requires a high growth rate to keep growth 
time short, and a low temperature to prevent impurity re- 
distribution. Also, some applications need a thick SEG 
layer; the isolation technique, for example, requires a SEG 
layer several microns thick. 
Up to now, Si SEG has mainly used chemical vapor 
deposition (CVD) with a StH-Cl system at a pressure of 
one atmosphere, or several Torr.ti Since HCl can suppress 
Si nucleation on SiO,, the Si-H-Cl system can achieve the 
full selectivity to grow a thick SEG layer. Below 900 “C, 
however, the crystalline quality of the epitaxial layer is 
usually degraded and the growth rate is~ impractically 
small. In an attempt to solve these problems, low-pressure 
CVD (LPCVD) and gas-source molecular beam epitaxy 
(MBE) were recently examined using systems with Si-H 
gases only.7-9 
= 
At this low temperature Si SEG, the delay 
time of Si nucleation on Si02, called incubation period or 
IP, was used to obtain the selectivity. As a result, the SEG 
layer thickness was restricted by both the IP and the 
growth rate on exposed silicon. IP was increased by adding 
H, and GeH4 to SiH,.8~‘o Despite these improvements, Si 
SEG layer thickness is essentially limited by the IP. Yew 
and Reif took a different approach with a cyclic process 
consisting of a growth step and a sequential intermittent 
Ar plasma sputter step to strip away Si nuclei from the 
SiO, surface.‘t Sputtering will, however, probably degrade 
the crystalline quality of the SEG layer because the ex- 
posed silicon surface is likely to be damaged by high energy 
ions. 
In this letter, we propose a new cyclic process of Si 
SEG using LPCVD with a S2H6/H2 system and ultraviolet 
(UV) irradiation. We examined Si adsorption on SiO, sur- 
face using Auger electron spectroscopy ( AES) to study the 
effect of intermittent UV irradiation. 
Examination of Si growth on Si02 surface was carried 
out using a 4-in. n-type Si wafer prepared by wet thermal 
oxidation at 1000 “C. The SiO, film thickness was 100 nm. 
To eliminate contamination the SiO, wafers were im- 
mersed in a dilute HF ( 1.5%) solution for 30 s prior to 
placing in the entry lock. AES observations confirmed that 
there were no carbon peaks for the Si02 surface. The 
LPCVD reactor was employed which consists of a water- 
cooled stainless-steel wall, a quartz window for UV irradi- 
ation, and a quartz cover for the carbon heater. The reac- 
tor was evacuated by a turbomolecular pump to a base 
pressure of 3 X lo-* Torr. The reactor was connected to an 
entry lock evacuated by a turbomolecular pump, and to the 
analysis chamber for AES measurement. 
Si2H6 source gas and diluted H2 gas were introduced 
into the reactor and evacuated by a mechanical booster 
pump. Substrate temperature was measured using an opti- 
cal pyrometer and maintained at 700 or 650 “C. The total 
H, pressure was 0.3 Torr for 1 Z/min of H2 and 10 cc/min 
of 5% Si2H6 diluted with H> The Si SEG growth rate on 
the exposed Si( 100) was 8 nm/min at 700 “C. UV irradi- 
ation used a 650 W low-pressure mercury lamp ( 185 and 
254 nm). With UV irradiation for 5 min, the temperature 
rise was less than 10 “C! in these growth conditions. During 
UV irradiation, no Si2H6 was supplied and the H, flow was 
kept stable. When growth finished, the substrate tempera- 
ture was quickly reduced, and the reactor was then evac- 
uated by the turbomolecular pump. The centers of the Si02 
wafers were examined immediately by AES. SiLMM and 
Or& spectra were measured at an EP of 1.8 keV and a base 
pressure of 3 X lop9 Torr. 
Dependence of Si,,, Auger spectra on growth time is 
shown in Fig. 1. There is no obvious peak of elemental Si 
at 92 eV for the unprocessed SiO, surface. Instead of 
Si,,,(Si) at 92 eV, a small peak of elemental Si is ob- 
served at 87 eV; this is caused by oxygen desorption during 
AES measurement.12’13 This phenomenon gives the lower 
limit for a quantitative estimation of Si on SiO,. There is a 
SiLMM (SiO,) peak caused by chemical effects at 75 eV. 
SiLMM (Si) remains at its lower limit until increases consid- 
erably at 16 min. At 17 min, the SiLMM spectrum has the 
same configuration as the spectrum for bulk silicon, mean- 
ing the SiO, surface is completely covered by silicon. Here 
we assume that submonolayer Si is adsorbed at an early 
stage. We can calculate Si coverage of Si02 from the 
I ( SiLMM-Si)/I ( SiLMM-Si02) or I (Si,,,-Si)/I ( OKLL) ra- 
tio.14 Auger intensity is obtained from the peak-to-peak 
height. Calculated values are listed in Table I. From the 
lower limit described above, less than 0.015 coverage is 
estimated for the 15 min. We consider IP as a lower limit 
for Si,,,(Si) measurement therefore IP is almost 15 min 
588 Appl. Phys. Lett. 62 (6), 8 February 1993 0003-6951/93/060588:03$06.00 -1 @ 1993 American Institute of Physics 588 
Downloaded 16 Jun 2008 to 130.34.135.158. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp
4’ __ 0 min 
& 
5 min 
* 
10 min 
Y 
-15min 
4 1 A Ymin - 7-v 17min x 4.5 
, , , , S;Oq ;i , , , 1 
50 loo- ~ 
Electron Energy (eV) 
FIG. 1. SiLMM Auger spectrum variation with growth time. For the first 
15 min, the elemental Si peak stays at its lower limit. After 16 min, the 
elemental Si peak increases abruptly. 
and there is less than 0.015 coverage of Si during this IP. 
We intermittently irradiated samples with UV for 5 
min after 10 min of growth. We measured spectra (b) in 
Fig. 2 after two cycles of 10 min of growth followed by 5 
min of irradiation. Despite the total growth time of 20 min, 
the Si on the SiOz surface coverage remained at 0.05. This 
compares with the 31 nm of polycrystalline silicon depos- 
ited during uninterrupted growth for 20 min. We con- 
cluded that this intermittent period suppresses Si nucle- 
ation. Si adsorbed during the first 10 min of growth may be 
removed during the intermittent period of irradiation. We 
took further measurements after four cycles. We found 
that the SiLMM(Si) peak after four cycles is larger than the 
peak after two cycles, but the SiO, surface is not com- 
pletely covered with silicon. 
As we can see in Table I, after two cycles of 10 min of 
growth followed by 5 min of no irradiation, the thickness 
of polycrystalline silicon deposited was approximately 
equal to the thickness deposited by 20 min of uninter- 
rupted growth. The desorption rate of Si adsorbed during 
the IP is, therefore, negligible at 700 “C. In order to elim- 
inate Si adsorbate completely using only 5 min of thermal 
TABLE I. Silicon coverage and polycrystalline silicon film thickness. 
Growth time Temp. 
(min) Pa Coverage 
Thickness 
!nm) 
O-15 700 less than 0.015 ... 
16 700 0.28 . . . 
20 700 . . 31 
2X(10/5 of UV) 700 0.052 . . . 
2x ( IO/5 of no UV) 700 . . . 34 
5 650 0.049 . . . 
5/5 of uv 650 0.037 . . 
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FIG. 2. Ultraviolet irradiation effects on suppressing Si growth, (a) for 
an unprocessed SiOZ surface, (b) for two Si-growth (10 min)/UV- 
irradiation(5 min) cycles at 700 “C, (c) for 5 min growth at 650 ‘C and 
(d) for a growth (5 min)/UV-irradiation (5 min) cycle at 650°C. 
desorption, the substrate must be heated to 850 “C. We can 
conclude that the effect of suppression of Si nucleation 
certainly is not thermic and that UV irradiation can re- 
move Si adsorbed during the IP. 
We irradiated with UV at 16 min, when the coverage 
was 0.28. We saw no difference in Si,,, spectra of samples 
grown for 16 min and grown using a growth (16 min)/ 
UV(5 min) cycle. We also prepared a low Si coverage 
sample using selective growth condition at 650 “C. We ob- 
tained 0.049 coverage after 5 min, as shown by spectrum 
(C) in Fig. 2. With this coverage, UV irradiation (5 min) 
can remove silicon, estimated to be about -22%. We con- 
cluded that UV irradiation can desorb Si species that are 
not properly coherent with each other. However when Si 
coherently nucleates in a high Si coverage region without 
IP, it is difficult to completely remove silicon using UV 
irradiation. The small amount of Si coverage found after 
two cycles is a result of Si nuclei remaining after the first 
UV irradiation. 
We examined the Si SEG layer deposited by the 
growth/UV cyclic process using secondary ion mass spec- 
troscopy (SIMS). We found that there are not peaks of 
oxygen and carbon at the interface produced by intermit- 
tent UV irradiation. We can conclude that pollution of the 
Si surface by oxygen and carbon caused by IJV irradiation 
into the reactor is negligible. 
In conclusion, this letter presents that intermittent UV 
irradiation in the Si SEG process has effectively suppressed 
Si nucleation on the SiO, surface. We conclude that the 
growth/UV-irradiation cyclic process is useful when form- 
ing a thick Si SEG layer. 
We thank S. Watanabe and J. Matsuo for their useful 
advice, and Y. Toda for SIMS measurement. 
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